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1 

METHODS AND SYSTEMS FOR DYNAMIC THRESHOLD 
ADJUSTMENT FOR HANDOFFS 
IN RADIO COMMUNICATION SYSTEMS 

RACKGROUND 

5 The present invention relates generally to methods and systems for 

radiocommunications and, more particularly, to such systems in which a 
connection can be handed over from one channel or base station to another. 

The cellular telephone industry has made phenomenal strides in commercial 
operations in the United States as well as the rest of the world. Growth in major 

10 metropolitan areas has far exceeded expectations and is rapidly outstripping system 
capacity. If this trend continues, the effects of this industry's growth will soon 
reach even the smallest markets. Innovative solutions are required to meet these 
increasing capacity needs as well as maintain high quality service and avoid rising 
prices. 

15 In cellular systems, the capability is typically provided to transfer handling 

of a connection between, for example, a mobile station and a base station to 
another base station, as the mobile station changes its position and so moves out of 
the coverage area of one base station and into the coverage area of another base 
station. This type of handoff is commonly referred to as an "intercell" handoff as 

20 the coverage areas associated with base stations are commonly referred to as 
"cells". Depending upon the quality of the current channel, it may also be 
desirable to transfer a connection from one channel of the base station to another 
channel supported by the same base station, which handoffs are commonly referred 
to as "intracell" handoffs. 

25 So-called "hard" handoffs refer to handoffs which are performed wherein 

there is no significant overlap between transmissions received from an original, 
serving base station and transmissions received from a new, target base station. 
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2 

As shown in Figure 1(a), during ha^rd handoff, the mobile station (MS) typically 
first breaks its connection to its original base station (BTSl) and then establishes a 
connection to its new base station (BTS2). 

By way of contrast, "soft" handoffs refer to handoffs wherein, for some 

5 period of time, a mobile station receives substantially the same information from 
two (or more) transmission sources. An exemplary soft handoff scenario is 
illustrated in Figure 1(b). Therein, before starting soft handoff, the MS is 
connected to BTSl . During the soft handoff, the MS establishes a connection to 
BTS2 without dropping the connection to BTSl. Each base station which is 

10 concurrently communicating with a particular mobile station may be referred to as 
a member of that mobile station's "active set". At some time after the connection 
to BTS2 is set up, the connection to BTSl will be released which is the termination 
of the soft handover procedure. The overlapping transmissions from BTSl and 
BTS2 permit the mobile station to smoothly switch from receiving information 

15 from its original, serving base station to receiving information from its new, target 
base station. During soft handoff, the mobile station may also take advantage of 
the fact that it is receiving substantially the same information from two sources to 
improve its received signal quality by performing diversity selection/combining of 
the two received signals. 

20 For the sake of simplicity, the foregoing examples of the hard and soft 

handoff were described in the context of base stations employing onmidirectional 
antennas, i.e., wherein each base station transmits signals which propagate in a 
substantially circular direction, i.e., 360 degrees. However, as will be appreciated 
by those skilled in the art, other antenna structures and transmission techniques 

25 may also be employed in radiocommunication systems. For example, a cell can be 
subdivided into several sectors, e.g., into three sectors where each sector covers a 
120 degree angle as shown in Figure 2. Alternatively, the system or cell may 
employ an array antenna structure as shown in Figure 3. Therein, an exemplary 
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radio communication system 200 includes a radio base station 220 employing a 
fixed-beam phased array (not shown). The phased array generates a plurality of 
fixed narrow beams (Bj, Bjt B3, B4, etc.) which radially extend from the base 
station 220, at least one of which (Bj) is used to communicate with MS 210. 

5 Preferably, the beams overlap to create a contiguous coverage area to service a 
radio communication cell. Although not shown, the phased array can actually 
consist of three phased array sector antennas. 

Of course, the principles described above with respect to hard and soft 
handoff for omnidirectional antennas in Figures 1(a) and 1(b) can be directly 

10 mapped to other systems which employ sectorized and/or array antennas. In these 
latter types of systems, hard and soft handoffs can be performed between sectors 
or beams of the same base station as well as between sectors or beams associated 
with different base stations. 

Both types of handoff have their drawbacks and advantages. On the one 

15 hand, soft handoff provides a robust mechanism for changing the connection from 
one base station to another. However, since the mobile station is connected to 
more than one base station during soft handoff, soft handoff requires more system 
resources than hard handoff. An advantage of hard handoff, therefore, is a 
reduced need for system resources, while its drawback is a higher probability of 

20 dropped calls when compared to soft handoff. 

Both hard and soft handoffs may be employed in radiocommunication 
systems using any type of access methodology, e.g.. Frequency Division Multiple 
Access (FDMA), Time Division Multiple Access (TDMA), Code Division 
Multiple Access (CDMA), or any hybrid thereof. For the purposes of illustration, 

25 rather than limitation, this description shall primarily describe conventional 

techniques and techniques according to the present invention in terms of CDMA 
systems, however those skilled in the art will appreciate that the inventive 
techniques are equally applicable to systems employing any access methodology. 
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In radiocommunication systems employ mg a CDMA access technique, a mobile 
station can be concurrently connected to one or more sectors that belong to one or 
more base stations. As mentioned above, the sectors which the mobile station uses 
for communication are called "active set". Consider, as an example, the system 
5 illustrated in Figure 4 having cells CI and C2 with the sectors SI. . . S6 each. Let 
A, B and E denote the sectors Cl-Sl, CI-S2 and C2-S5, respectively, that the 
mobile station 400 is connected to, i.e., mobile station 400' s active set. 

Due to the movement of the mobile station 400 (and possibly other 
influences), the quality of each connection is time variant. Quality in this context 
10 refers to one or more specific types of measurement, e.g.. the received signal 

strength or the downlink signal-to-interference ratio. To adapt to the time variance 
in quality of a connection, the mobile station 400 is provided with a set of sectors 
whose transmissions are to be monitored with respect to their received signal 
quality. This set is called the measurement set. By periodically evaluating the 
15 quality of the sectors in the nieasurpment set, the mobile station 400 identifies a set 
of sectors that are suitable to be members of the active set, referred to as the 
candidate set. When the membership of the current active set and that of the 
candidate set differ from each other, the mobile station 400 sends a measurement 
report to the system, e.g., to a radio network controller (RNC, not shown). The 
20 measurement report contains information regarding the quality of transmission 

received from the sectors of the candidate set. The RNC then decides whether to 
perform a hard or soft handover, i.e., which sectors shall be added to and/or 
deleted from the active set. The RNC also requests setup and release of radio and 
network resources for the connection between the mobile station and the relevant 
25 base station(s)in order to perform the handoff. After the handoff has been 

accomplished, the contents of the active set are updated in the mobile station (and 
the RNC). 
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However, there exiist a number of different techniques by which to evaluate 
whether, based on the measurements reported by the mobile station to the system, 
a handoff is desirable and, if so, what type of handoff. Some of these techniques 
used fixed thresholds, while others use dynamic thresholds. For example, U.S. 
5 Patent No. 5,422,933 describes a method and system for handing off an ongoing 
communication from a serving cell to a neighboring cell of a cellular 
communication system. A dynamic threshold is calculated for effecting handover 
in accordance with various operating conditions. The current mobile minimum 
attenuation level, the minimum permissible attenuation level of a serving cell and a 

10 neighboring cell, together with the RP signal strength of the mobile unit at the 

neighboring cell and the serving cell are used in calculating the dynamic threshold. 

Another example can be found in U.S. Patent No. 5,483,669, which patent 
describes a method and system for handing off an on-going communication from a 
sending to a neighboring cell of a cellular communication system. A dynamic 

15 threshold is calculated for effecting the handoff, for example based on a minimum 
attenuation level of the mobile unit and a minimum level permitted by a 
neighboring cell. These latter two systems, however, suffer from the drawback 
that the determination of the dynamic threshold is rather complex due to the 
number of cases to be considered and that there is no provision for handling soft 

20 handoff. 

More recently, a proposal has been described for a CDMA system known 
as CDMA 2000. Within the CDMA 2000 documentation there is a description of 
dynamic thresholds used for soft handoff. According to this description, a forward 
pilot channel is added to the candidate set if a measured quality level exceeds a 
25 given static threshold Tl. The candidate set contains the sectors that are evaluated 
more frequently and that are tested against a second dynamic threshold T2. The 
dynamic threshold T2 is calculated based on using the sum of the received signal 
quality measurements for all pilot channels in the active set. However, this 
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scheme suffers from the limitation that it is only provided for the forward link (i.e, 
the downlink), is also rather complex and requires a two-siep (i.e., evaluation with 
respect to static and dynamic threshold) procedure for addition and deletion of 
sectors to and from the active set. 
5 Accordingly, there is a need to develop enhanced techniques to determine 

when a handoff is appropriate, and which type of handoff is appropriate, to 
efficiently utilize system resources under different operating conditions. 

- SUMMARY 

These, and other, problems, drawbacks, and limitations of conventional 
10 handoff techniques, are overcome according to the present invention in which 
adaptive thresholds can be provided for a variety of different thresholds used in 
evaluating the desirability of both soft and hard handoffs. According to exemplary 
embodiments, soft handoff thresholds for adding, deleting and replacing members 
of the active set vary based on a quality level of a best or worst member of the 
15 current active set. Similarly, a threshold used to determine when a hard handoff is 
desirable can also be made variable based on a quality level of an active set 
member. 

The present invention provides a number of benefits as compared with 
conventional techniques for performing handoffs including: (1) flexibly controlling 

20 both hard and soft handoffs, (2) less complex threshold calculation that is, at the 
same time, dynamic in nature so as to vary^vvith changes in channel quality, (3) a 
reduction in the average number of sectors (or other types of transmission sources, 
e.g., beams) that a mobile station is concurrently connected to, (4) providing a 
mechanism for controlling the relative number of soft and hard handoffs by 

25 selection of the minimum and maximum threshold values and the slopes in the 

adaptive threshold functions, (5) a reduction in the probability of dropped calls as 
compared to conventional techniques which employ higher, fixed handoff 
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thresholds and (6) a reduction in interuser interference as compared to 
conventional techniques which employ case that employ lower, fixed thresholds 
such that the active set contains a relatively high number of sectors. 

BRIEF DESCRTPTION.QF THE DRAWINGS 
5 The foregoing, and other, objects, features and advantages of the present 

invention will be more readily understood upon reading the following detailed 
description in conjunction with the drawings in which: 
Figure 1(a) is an illustration of hard handoff; 
Figure 1(b) is an illustration of soft handoff; 
10 Figure 2 depicts a base station employing sector antennas; 

Figure 3 shows a base station employing an array antenna; 
Figure 4 is an illustration of two, six sectored cells in communication with 
a mobile station; 

Figure 5 depicts a portion of an exemplary mobile station structure; 
15 Figure 6 is a graph illustrating various haxidoff algorithm conditions for 

adding, deleting and replacing sectors according to an exemplary embodiment of 
the present invention; 

Figure 7 is a graph illustrating algorithm conditions for hard handoff 
according to an exemplary embodiment of the present invention; and 
90 Figure 8 is a graph depicting a variable add threshold according to an 

exemplary embodiment of the present invention. 

DETAILED DESCRIPTION 

In the following description, for purposes of explanation and not limitation, 
specific details are set forth, such as particular circuits, circuit components, 
25 techniques, etc. in order to provide a thorough understanding of the invention. 

However it will be apparent to one skilled in the art that the present invention may 
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be practiced in other embodiments that depart from these specific details. In other 
instances, detailed -descriptions of well-known methods, devices, and circuits are 
oniitted so as not to obscure the description of the present invention with 
unnecessary details. 

5 Prior to describing the details of the present invention, a partial example of 

the construction of a mobile station which can operate to perform the signal quality 
measurements described above is illustrated in Figure 5. This block diagram has 
been simplified to illustrate only those components relevant to the measurement of 
downlink signal strength, however those skilled in the art will be well aware of the 

10 other major functional blocks associated with mobile stations. In Figure 5, 

incoming radio signals are received by transmitter/receiver TRX 500. The timing 
is synchronized to the received symbol sequence by microprocessor controller 530. 
The strength of the received signals are measured by a signal strength measuring 
part 520, the value of which is then passed to microprocessor controller 530. The 

15 bit error rate (BER) of the received signal can also be determined as an indication 
of received signal quality as reflected by block 540. This measurement of received 
signal quality is particularly relevant in determining when an intracell handoff is 
desirable. Those skilled in the art will appreciate that other quality measures, e.g., 
signal-to-interference ratio, can also be used in handoff algorithms. The mobile 

20 station will also have input/output devices, such as a keyboard and display 535, as 
well as a microphone and speaker unit (not shown), which enables information to 
be exchanged between the mobile station and the base station. 

When the mobile station receives a list of channel numbers and/or codes in 
a MAHO (mobile assisted handover) command, it will measure the received signal 

25 quality associated with each of those channels. Once the mobile station has made 
the requested measurements, it will report them to the system which will then 
evaluate the various sectors using a handoff algorithm. An example is provided in 
Figure 6 to illustrate how the active set may change over time based on applying a 
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handoff algorithm to these measurements.- In Figure 6, it is assumed that only 
sector A (e.g., as shown in Figure 4) belongs to the active set at the beginning. 
The measurement set in this example contains all sectors of the active set and all 
the neighbors of the active set. As only sector A is a member of the active set in 
5 this example, the measurement set consists of sectors C1-S1( = A), C1-S2( = B), 
C1-S6( = C). 

For this example, the handoff algorithm dictates that different handoff 
actions will be triggered according to the conditions stated below: 

1 . Add a sector: A sector X is added to the current active set if its 
10 quality meets the following condition: 

Q. > Qbc« - add_th 

where Qbest represents the quality of the sector with the best quality in the 
Active Set and addjh is a threshold value. For example, as shown in Figure 6, 
sector B is added to the active set at the time instant marked 'Add since the 
15 difference between its quality level and the quality level received from sector A is 
equal to add^th. Note that after time 'Add B\ sector D (Cl-SS) is added to the 
measurement set because it is a neighbor to sector B . 

2. Delete a sector: A sector X is deleted from the current active set if its 
quality meets the following condition: 

20 Q, < Qbcst - delete^th 

where delete th represents the deletion threshold. An example of this condition 
occurring may be found at time instant marked 'Remove C in Figure 6, wherein 
sector C is removed from the active set since the difference between its received 
quality level and that of sector B exceeds deiete_th. 
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3. Replace a sector: A sector X replaces the sector with the worst 
quality in the active set if the active set is full and the following condition holds: 

Qx > Qworst + replace jh 
where replace_th represents the threshold used for sector replacement. Provided 
5 that the maximum number of sectors in the active set is two in Figure 6, sector C 
should replace sector A at time instant marked 'Replace A with C in Figure 6. 
The actions described in this handoff algorithm to add, delete or replace a sector 
occur as soft handoffs in this example, unless the hard handoff threshold is 
exceeded in which case hard handoff takes precedence. 

10 4. Perform a hard handover: A hard handover from the current active 

set to a new sector is carried out if the quality of sector X fulfills the following 
condition: 

Qx > Qbc« hh<? Jh 

where hho_th represents the threshold used for hard handover, i.e., all connections 
15 of the current active set will be removed and a new connection to sector X will be 
set up. In this regard, it should be noted that the mobile station will typically not 
have the possibility to measure the quality of all sectors in the measurement set 
continuously and, similarly, will not have the possibility to send measurement 
reports to the network continuously. Instead, the mobile station will perform 
20 measurements periodically, e.g., as represented by the dashed vertical lines in 

Figure 7, by measuring the quality of the sectors in the measurement set at specific 
time instants. If the quality of a measured sector increases rather slowly , either a 
sector replacement (if the active set is full) or a sector addition, (if the active set is 
not full) will be performed. In such a case, i.e., a slow quality increase of a 
25 measured sector, a sector's quality may never exceed the hard handoff threshold 
with respect to the best active set sector quality. 
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On the other hand, the sector quality of a nneasured sector may increase 
very rapidly. This might occur, for example, if the mobile station measures a 
specific sector that has poor quality due to the shadowing effects caused by a 
building or other obstacle. When the mobile station moves out of the shadowing 
5 area, the mobile station may then have a direct line of sight with the base station of 
the measured sector. This will lead to a rapid quality increase for the measured 
sector. 

This latter scenario is illustrated in Figure 7. Therein, the mobile station's 
active set includes sectors A and B after time "Add B". The quality of sector C, 

10 however, remains relatively low such that sector C will neither replace the worst 
sector in the active set nor will it be added to the active set. Then, as seen in the 
Figure, the measured quality of sector C increases very rapidly, at which time a 
hard handover to sector C is performed. 

While the aforedescribed exemplary handoff technique has some advantages 

15 as compared with the techniques described in the Background section of this 

specification, e.g., it is easier to implement since it is a straightforward one-step 
procedure and it is more flexible since it can be applied to soft and hard handoff, it 
is also limited by its usage of fixed threshold values. However, using fixed 
thresholds means that this the handoff algorithm is not able to adapt to changes in 

20 the transmission quality in different channels and will therefore inefficiently handle 
radio and network resources. For example, if the fixed handoff thresholds are set 
very tightly, such that a sector in the measurement set must have relatively good 
quality before being added to the active set, then the mobile station might lose its 
connection if it does not identify any sectors as being good enough for the active 

25 set, which means that the handoff algorithm will unnecessarily increase the 

dropped call probability. Alternatively, if the thresholds are set rather loosely, 
such that sectors are more likely to be added to the active set, the mobile station 
will be more likely to be connected to a large number of sectors and will therefore 
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allocate more system resources (e.g., short codes) than are really needed to 
maintain the connection. Moreover, when the thresholds for soft handoff (add_th, 
delete th, replace th) and the threshold for hard handoff (hho_th) are set to a 
fixed value, the system cannot control the rate of soft handoffs relative to hard 
5 handoffs. 

Therefore, according to exemplary embodiments of the present invention, 
the thresholds, e.g., add_th, delete_th, replace_th and hho_th, employed in making 
hard and soft handoff decisions may all be dynamically adjusted based on, for 
example, the current sector quality of the best (Qbcsi) the worst sector (Q^orsi) '^^ 
10 the active set, respectively, during an observation time t. Therefore, according to 
this exemplary embodiment, the thresholds will be functions f_(.) of the following 
variables: 

add_th = fadd(Qbcsi' 0 

delete_th = fdcicic(Qbcsi» 0 

15 replace_th = frcpiaccCQworsi* 0 

hho_th = fhho(Qbcsi» 0 

The computation of each dynamic threshold reflects the current transmission 
situation, i.e., the active set can be reduced to a few sectors (or possibly one 
sector) if the transmission simation is good and will be increased if the 

20 transmission situation gets worse. In addition to this, the computation of each 

dynamic threshold depends only on the quality of one sector of the active set, i.e., 
O or O and a few other fixed system parameters and is, therefore, relatively 
straightforward to calculate. According to exemplary embodiments of the present 
invention described below, the complexity of handoff algorithms according to the 

25 present invention is further reduced by using adaptive threshold fiinctions which 
are linear within different intervals. 
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According to the examples provided herein, the thresholds add_th, 
^^l^^e^th, replace_th and hho_th are ramp functions. Although useful due to their 
low computational complexity, those skilled in the art will appreciate that such 
thresholds may be implemented using any function, linear or non-linear, other than 

5 ramp functions that permits adaptation based on changing quality conditions in the 
radio channels. In the following discussion, however, a brief description of 
exemplary threshold functions is provided wherein the thresholds are ramp 
functions over a certain range of quality values, and remain at a constant high and 
low value outside this range, respectively. An illustration of an exemplary 

10 threshold function for add_th is provided as Figure 8. Since add_th is a function 
of Qbcsi> the graph depicts varying values for add_th based on the current quality of 
Qbcsf When the quality of Q^, is lower than Qadd.iow. then add_th has its highest 
value of max_add_th. Within the range between Qaddjow and Qadd^high* the value of 
add_th is determined based on die ramp function 700. Although the ramp function 

15 700 has a negative slope, it will be appreciated that other threshold functions may 
employ ramp functions having a positive slope: If the quality of Q,^^^ is Q^dd.high of 
higher, then add_th is set to its lowest value of min_add_th. 

Specific, yet still exemplary and illustrative, threshold functions are 
described below mathematically for add_th, delete^th, replace th and hho_th. In 

20 these equations it is assumed that the sector quality, the threshold values, and all 
other vilues described below are in dB units. The other assumptions for the 
threshold functions are as follows: 

xxx_slope is the slope of the ramp function, where xxx_slope> 0 
(xxx = add, delete, rep or hho); 

25 max_xxx_th is greater than min_xxx_th; and 

Qxxx.high is greater than Q^xjow 
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Variable Add Threshold Function 

if Qbcst < Qaddjow then add Jh = max_add__th; 

if Qadd_Iow ~ Qbcsi ~ Qadd_high» 

then add__th =max_add_th - add_slope *(Qbcst - Qaddjow); 
5 if Qbcst > Qadd_high> then addjh = min^add^th; 

where Q^ddjow^ Qadd_high, min^addjh. max_add_th and add_slope are set to fixed 
values. 

Variable Delete Threshold Function 

if Qbes. < Qdcicejow then delete Jh = max_delete_th; 

10 if Qdclcicjow Qbcsi ~ Qdclcie_high» 

then delete_th=max_delete_th - delete__slope *(Qbcst - Qdcicicjow); 
if Qbcst > Qdcictc.high, then deletejh = min_delete_th; 
where Qdc,cccjow. Qdcictc^high. min^delete^th, max__delete_th and delete_slope are set 
to fixed values. 

Variable Replace Threshold Function 

if Qworst < Qrep.iow thcu rcplacc^th =min_replace_th; 

if Qrep_low Qworet *^ Qrep high' 

then replace_th = min_replace_th - replace_slope *(Qrep ,ow - Qworsi); 
if Qwom > Q«p_high. then replace^th = max_replace_th; 
where Q,epjo*. Q«p_high. min_rep_th, max_rep_th and rep_slope are set to fixed 
values. 

Variahlf- Hard Handoff Threshold 

ifQbcs. < Qhhojow. thenhho_th = max_hho_th; 
25 if Qhho_iow dB < = Qb^j < = Qhho.high. 

then hho_th = max_hho_th-hho_slope*(Qbea - Q^ojow); 
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if Qbcs. > Qhho.high. then hhojh - min_hhojh; 
where Q^hojow. Qhho_highi min_hhojh, max_hho_th and hho__slope are set to fixed 
values. 

By dynamically adjusting the various handoff thresholds in this manner, as 

5 the quaHty of transmissions from the best sector increases, fevver sectors will be 
added to the active set and, therefore, system resources will be saved. 
Conversely, as the quality of transmissions from the best sector deteriorates, more 
sectors will be added to the active set and, therefore, the overall quality of the 
connection can be maintained at a desirable level. In addition, the higher the 

10 quality of the transmissions from the best sector, the more likely a hard handoff 
will be, which also contributes to an efficient use of system resources. 

It will therefore be appreciated that the present invention provides a number 
of benefits as compared with conventional techniques for performing handoffs 
including: (1) flexibly controUirig both hard and soft handoffs, (2) less complex 

15 threshold calculation that is, at the same time, dynamic in nature so as to vary with 
changes in channel quality, (3) a reduction in the average number of sectors (or 
other types of transmission sources, e.g., beams) that a mobile station is 
concurrently connected to, (4) providing a mechanism for controlling the relative 
number of soft and hard handoffs by selection of the minimum and maximum 

20 threshold values and the slopes in the adaptive threshold functions, 

(5) a reduction in the probability of dropped calls as compared to conventional 
techniques which employ higher, fixed handoff thresholds and (6) a reduction in 
interuser interference as compared to conventional techniques which employ case 
that employ lower, fixed thresholds such that the active set contains a relatively 

25 high number of sectors. 

The above-described exemplary embodiments are intended to be illustrative 
in all respects, rather than restrictive, of the present invention. For example, 
although the preceding exemplary embodiments do not reference multiple 
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frequency bands, it will be apparent to those skilled in the art that the present 
invention is applicable to systems employing multiple frequency bands for 
communication and, therefore, to either intrafrequency or interfrequency band 
handoff. Thus the present invention is capable of many variations in detailed 
5 implementation that can be derived from the description contained herein by a 
person skilled in the art. All such variations and modifications are considered to 
be within the scope and spirit of the present invention as defined by the following 
claims. 
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WHAT IS n AIMED IS : 

1 . A method for controlling membership in an active set comprising the 
steps of: 

providing a plurality of thresholds for controlling membership in said 

5 active set including: 

a first threshold for determining when to add a transmission 

source to said active set; 

a second threshold for determining when to delete a transmission 

source from said active set; 
10 a third threshold for determining when to replace a member of 

said active set with another transmission source; and 

a fourth threshold for determining when to perform a hard 
handoff from at least one current member of said active set to another transmission 
source; 

15 varying a value of at least one of said plurality of thresholds as a 

function of a quality level associated with a member of said active set; and 

controlling membership in said active set based on a result of said 

varying step. 

2. The method of claim 1 , wherein said at least one of said plurality of 
20 thresholds is said first thresholH ^hi^ v^i^^^ a non-constant function of a 

quality level of a transmission source having a best quality level in said active set. 

3. The method of claim 2, wherein said non-constant function includes a 
ramp function between a maximum and a minimum value of said first threshold. 
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4. The method of claim 1, wherein said at least one of said plurality of 
tliresholds is said second threshold which varies as a non-constant function of a 
quality level of a transmission source having a best quality level in said active set. 

5. The method of claim 4, wherein said non-constant function includes a 
5 ramp function between a maximum and a minimum value of said second threshold. 

6. The method of claim 1, wherein said at least one of said plurality of 
thresholds is said third threshold which varies as a non-constant function of a 
quality level of a transmission source having a worst quality level in said active 
set. 

10 7. The method of claim 6, wherein said non-constant function includes a 

ramp function between a minimum and a maximum value of said third threshold. 

8. The method of claim 1, wherein said at least one of said plurality of 
thresholds is said fourth threshold which varies as a non-constant function of a 
quality level of a transmission source having a best quality level in said active set. 

15 9. The method of claim 8, wherein said non-constant function includes a 

ramp function beiweeixa^maximum and a minimum value of said fourth threshold. 
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10- A control node in a radiocommunication system comprising: 

a receiver for receiving signal quality measurements reported by a 
mobile station; and 

a processor for determining whether a handoff is desirable for said 
5 mobile station based upon an evaluation of said signal quality measurements and a 
plurality of adaptive thresholds whose values vary based upon a quality level 
associated with a transmission source in said mobile station's active set. 

11. The control node of claim 10, wherein said plurality of adaptive 
thresholds include: 

10 a first threshold for determining when to add a transmission 

source to said active set; and 

a second threshold for determining when to delete a transmission 

source from said active set. 

12. The control node of claim 10, wherein said plurality of adaptive 
15 thresholds includes at least one adaptive threshold that varies as a non-constant 

function of a quality level of a transmission source having a best quality level in 
said active set. 

13. The control node of claim 12, wherein said non-constant function 

20 includes a ramp function between a maximum and a minimum value of said at least 
one adaptive threshold. 

14. The control node of claim 10, wherein said transmission source is 
one of a cell, a base station, a sector antenna and a beam associated with an 
antenna array. 
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15. The control node of claim 10, wherein said plurality of adaptive 
thresholds include: 

a threshold for determining when to replace a member of said active 
set with another transmission source. 

5 16. The control node of claim 10, wherein said plurality of adaptive 

thresholds include: 

a threshold for determining when to perform a hard handoff from at 
least one current member of said active set to another transmission source. 

17. The control node of claim 10, wherein said control node is a 
10 switching node. 

18. A system for controlling membership in an active set comprisimg: 
a first threshold means for determining when to add a transmission 

source to said active set; 

a second threshold means for determining when to delete a 
15 transmission source from said active set; 

means for varying a value of at least one of said first and second 
threshold means as a function of a quality level associated with a member of said 
active set; and 

means for controlling membership in said active set as a result of said 
20 varying means. 

19. The system of claim 18, further comprising: 

a third threshold means for determining when to replace a member of 
said active set with another transmission source, wherein said means for varying 
varies at least one of said first, second and third threshold. 
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20. The system of claim 18, further comprising: 

a third threshold means for determining when to perform a hard handoff 
from at least one current member of said active set to another transmission source, 
wherein said means for varying varies at least one of said first, second and third 
5 threshold means. 

21 . The system of claim 18, wherein said value of at least one of said first 
and second threshold means is a value of said first threshold means which varies as 
a non-constant function of a quality level of a transmission source having a best 
quality level in said active set. 

10 

22. The system of claim 21, wherein said non-constant function includes a 
ramp function between a maximum and a minimum value of said first threshold. 

23. The system of claim 18, wherein said value of at least one of said first 
and second threshold means is a value of said second threshold means which varies 

15 as a non-consunt function of a quality level of a transmission source having a best 
quality level in said active set. 

24. The system of claim 23, wherein said non-constant function includes a 
ramp function between a maximum and a minimum value of said second threshold. 



SUBSTITUTE SHEET (RULE 26) 



wo 00/38456 



1/5 



PCT/EP99/10085 





CELL 1 CELL 2 

BEFORE HARD HANDOVER 



CELL f CELL 2 

AFTER HARD HANDOVER 



Fig. 1(a) 




CELL 1. CELL 2 

BEFORE SOFT HANDOVER 




CELL i CELL 2 

IN SOFT HANDOVER 




CELL 1 CELL 2 

AFTER SOFT HANDOVER 



Fig. i(b) 



SUBSTITUTE SHEET (RULE 26) 



wo 00/38456 



2/5 



PCT/EF:99/10085 

J 




Fig. 2 




Fig. 3 



SUBSTITUTE SHEET (RULE 26) 




SIGNAL STRENGTH 



520 



KB 




/IPC 




DISPLAY 








^535 




^530 




TRANSMITTER/ 
RECEIVER 
TRX 

\ 

500 



MS 



Fig. 5 



SUBSTITUTE SHEET (RULE 26) 



wo 00/38456 



4/5 



PCT/EP99/10085 



Quality (dB) 

^ Active Set: A 

c=»|*=> 




Time 



AddB 



Replace A Remove C 
withC 



Fig. 6 



Quality (dB) 




Add B 



tiard handover 
to C 



Time 



Fig. 7 



SUBSTITUTE SHEET (RULE 26) 



wo 00738456 



PGT/EP99/10085 



addjhreshold 




^addjow ^add_high 



Fig. 8 



BNSDOCID; <WO 003d456A1 . 1_> 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Inton nal Appltcatlon No 

PCT/EP 99/10085 



A. CtASSIFlCATlON OF SUBJECT MATTER 

IPC 7 H04Q7/38 



Aooording to tntematwnai Patent Classification (IPC) or to both nationai daaaifteatlon and IPC 



-3 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classificiatibn symbols) 

IPC 7 H04Q 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields aearched 



Electronic data base consulted during the international search (name of data base and. where practical, search temis used) 



Category* 


Citation ot document, with indication. «vhere appropriate, ot the relevant passages 


Relevant to daim No. 


P.Y 


WO 99 04593 A (QUALCOMM INC.) 
28 January 1999 (1999-01-28) 
abstract; figures 5-7 
page 9, line 24 -page 11, line 39 


1,10,18 


Y 


US 5 577 022 A (PADOVANI ET AL.) 
19 November 1996 (1996-11-19) 
figures 3,5A,5B,7 
column 12, line 13 -column 13, line 57 


1,10,18 


A 


US 5 640 414 A (BLAKENEY,!! ET AL. ) 
17 June 1997 (1997-06-17) 
figures 5-7 
column 18, line 45 - line 65 
column 21, line 15 - line 51 

-/— 


1 



Further documents are listed in the continuation of box C. 



El 



Patent family members am lioted in annex- 



• Special categories of cited documents : 

•A' document defining the general stadte of the art which is not 

considered to be of particular relevance 
'E' eariier document but published on or alter the international 

filing date 

•L* document which may throw doubts on priority claim(sj^pfc-- 
which is cited to establish the publicatjon dge^fit^ 
citatldn or other special reason (a^Jgpg^'^^hibitlon or 
I 'O* document referring to an oral^di**^ 

other means ^cTmo. international filing date but 

•P" document publiahs4^^%c»in>ed 

lAtar IhAn ttifr"'*^^ 




cio^.iation of the international seaipH 



T- later document published after>;J ^tfl^"^.*^^*"^ 

or priority date and not in .-<^Ofl*ftwfth the application but 

cited to understand ^ P"'^'P^o^^»^®oO' underiyingthe 

invention 

•X- ^««mflnt Q**^'*^®'^ invention 
^^J^^lxjpsidered novel or cannot be considered to 

an Inventive step when the document Is taken alone 

■y. ^'cunnent of particular relevance: the claimed invention 

cannot be considerBd to involve an Inventive step when ttw 
document is combined with one or more other such docu- 
ments, such combination twing obvious to a person skilled 
In the art. 

*&* document member of the same patent family 



12 April 2000 



Name and mailing address of the ISA 

European Patent Office, P.B. 5616 Patentlaan 2 
NL-2280HVRi)swijk 
Tel, (431-70) 340-2040, Tx. 31 6S1 epo nl. 
Fax: (4O1-70) 34O-3016 



Fbfiin PCTASA/210 (eaoond ehoet) (JUty 1992) 



Date of maifing of the international search rsport 

25/04/2000 



Authorized officer 



Daniel Idls, S 



M 



page 1 of 2 



BNSOOCIO: <WO_ 



_00384S6A1J„> 



INTCRNATIONAL SEARCH REPORT 



Intert . nal Application No 

PCT/EP 99/10085 



C:(C6niinuaUbn) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of dbcumeht. with indcatIoh.where appropriate, of tt^e relevant paasaQee 



Relevant to daim No. 



GB 2 287 858 A (MOTOROLA LTD.) 
27 Septeiri&er 1995 (1995-09^27) 
abstract 

page 6, line 33 -page 7, Tine 34 

GB ,2„3.13 740 A (MOTOROLA LTD.) 
3 Decembier 1997 {1997-12-03) 
abstract; figures 1-3 
page 7 j line 4 -page 8, line 29 

US 5 483 669 A (BARNETT ET AL.) 
9 January 1996 (1996-01-09) 
cited in the application 
the whole document 

US 5 422 933 A (BARNETT ET AL. ) 
6 June 1995 (1995-06-06) 
cited in the application 
the whole document 



1,10,11 



'in PCTyiSA/210 (oontfnuation of e«oond ehort) (JuV 1982) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

information on patent famity members 



Interi nal Application No 

PCT/EP 99/10085 



r^awni aocuiuoiix 








Patant fairtilv 


Publication 3 


citad in search report 




data 




memberts) 


date 


UO 9904593 


A 


28-01-1999 


AU 


8492098 A 


10-02-1999 


US 5577022 


A 


19-11-1996 


AU 


692669 B 


11-06-1998 








AU 


4594596 A 


17-06-1996 








BR 


9510068 A 


30-12-1997 








CA 


2203256 A 


30-05-1996 








EP 


0793895 A 


10-09-1997 








FX 


971592 A 


22-07-1997 








■IP 


10509293 T 










NO 


972306 A 


21-05-1997 




















wo 


9616524 A 


30-05-1996 








ZA 


9509883 A 


09-07-1996 


US 5640414 


A 


17-06-1997 


US 


5267261 A 


30-11-1993 



GB 2287858 A 27-09-1995 



CA 


2143539 


A 


22- 


-09- 


■1995 


CA 


2145044 


A 


22- 


-09- 


-1995 


CN 


1123997 


A 


05- 


-06- 


-1996 


CN 


1120790 


A 


17- 


-04- 


-1996 


DE 


19509273 


A 


12- 


-10- 


-1995 


DE 


19510256 


A 


28- 


-09- 


-1995 


FR 


2717650 


A 


22- 


-09- 


-1995 


FR 


2717651 


A 


22- 


-09- 


-1995 


HK 


1009667 


A 


04- 


-06- 


-1999 


SE 


9500961 


A 


22- 


-09- 


-1995 


SE 


9500978 


A 


22- 


-09- 


-1995 


US 


5722072 


A 


24- 


-02- 


-1998 



GB 


2313740 


A 


03-12-1997 


NONE 


US 


5483669 


A 


09-01-1996 


NONE 


US 


5422933 


A 


06-06-1995 


NONE 



Foim PCT/lSA/210 (palent family annex) (Juty 1992) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



